Light is a crucial signal that regulates many aspects of plant physiology and growth including 23 the development of stomata, the pores in the epidermal surface of the leaf. Light signals 24 positively regulate stomatal development leading to changes in stomatal density and 25 stomatal index (SI; the proportion of cells in the epidermis that are stomata). Both 26 phytochrome and cryptochrome photoreceptors are required to regulate stomatal 27 development in response to light. The transcription factor ELONGATED HYPOCOTYL 5 28 (HY5) is a key regulator of light signalling, acting downstream of photoreceptors. We 29 hypothesised that HY5 could regulate stomatal development in response to light signals due 30 to the putative presence of HY5 binding sites in the promoter of the STOMAGEN (STOM) 31 gene, which encodes a peptide regulator of stomatal development. Our analysis shows that 32 HY5 does have the potential to regulate the STOM promoter in vitro and that HY5 is 33 expressed in both the epidermis and mesophyll. However, analysis of hy5 and hy5 hyh 34 double mutants (HYH; HY5-HOMOLOG), found that they had normal stomatal development 35 under different light conditions and the expression of stomatal developmental genes was not 36 perturbed following light shift experiments. Analysis of stable lines overexpressing HY5 also 37 showed no change in stomatal development or the expression of stomatal developmental 38 genes. We therefore conclude that whilst HY5 has the potential to regulate the expression of This activates a MAP kinase pathway that phosphorylates SPCH, targeting it for degradation 62 (7, 8). STOM belongs to the same family as EPF1/2 however, it positively regulates stomatal 63 development by competing with EPF1/2 to bind the receptor and switch off the MAPK 64 pathway (9, 11). Unlike EPF1 and EPF2, STOM is not expressed in the epidermis but is 65 secreted from the mesophyll. 66
The number of stomata that develop on new leaves is regulated by environmental 67 conditions, and light quantity and quality have been shown to mediate changes in stomatal 68 development via the red/far-red light perceiving phytochromes and the blue light perceiving 69 cryptochromes (12, 13). For example, light quantity positively regulates stomatal 70 development leading to an increase in stomatal index. Whereas, phyB mutants are defective 71 4 in mediating responses to light quantity and have a significantly reduced stomatal index 72 compared to wild type plants (12) . Photoreceptors regulate the activity of COP1, an E3 73 ubiquitin ligase, that targets positive regulators of photomorphogenesis for degradation such 74 as the transcription factor HY5 (14-16). HY5 is a transcriptional activator and repressor and 75 has been shown to be a key regulator of light signalling (17), sometimes acting redundantly 76 with the closely related transcription factor, HYH (16). An analysis of HY5 binding sites 77 determined that there were >3000 binding sites within the Arabidopsis genome (18). An 78 analysis of this data revealed that HY5 binds to the STOM promoter presenting an attractive 79 hypothesis that HY5 may regulate stomatal development by regulating expression of STOM. 80
Here, we have used a combination of genetic and molecular analyses to investigate any 81 potential role of HY5 in regulating stomatal development in response to light signals. 82
However, whilst our data indicates that HY5 has the potential to regulate STOM expression 83 in vitro, it does not appear to play a major role in light regulation of stomatal development. GATA-box (15) (-126 from the ATG) that could account for the HY5 ChIP result ( Figure 1A) . 92
To test whether HY5 has the potential to directly regulate the expression of STOM we first 93 used a dual luciferase assay (see methods) and co-transformed protoplasts with 94 CaMV35SproHY5 and STOMpromLUC constructs. As a positive control, we also co-95 transformed protoplasts with CaMV35SproHY5 and HY5promLUC constructs, as HY5 has 96 been shown to binds its' own promoter (ACE-box -282 from the ATG) to autoregulate 97 5 expression, which was confirmed in these experiments ( Figure 1B; (30)). In this in vitro 98 assay, HY5 can clearly regulate STOM expression supporting the ChIP data ( Figure 1B) . 99 100 101
Given that HY5 has the potential to regulate STOM expression we next examined 102 expression of HY5 using confocal microscopy to study the localisation of HY5:CFP in 103
HY5proHY5:CFP transgenic plants. It should be noted that previous studies have shown that 104 HY5 is expressed widely throughout the plant including leaf tissue and that HY5 protein is 105 mobile, therefore this already indicates that HY5 has the potential to regulate STOM 106 expression in the mesophyll (31, 32). Our analysis confirmed the results of previous studies 107 and HY5:CFP signal was clearly detected in the epidermis and stomatal lineage cells as well 108
as the mesophyll ( Figure 1C We next examined whether HY5 is required for light regulation of stomatal development, first 114 examining the transcriptional response of HY5 to changes in irradiance. Seedlings were 115 grown under low (LL; 50 µmol m -2 s -1 ) or high (HL; 250 µmol m -2 s -1 ) before transferring to 116 the alternate irradiance for 6h to investigate LL-HL and HL-LL responses. These conditions 117 were chosen because plants grown under these steady state conditions have significant 118 differences in their stomatal development (see Figure 2A , B). HY5 expression was 119 significantly affected by changes in irradiance with significant upregulation following a LL-HL 120 transfer and downregulation following a HL-LL transfer (Figure 1 To further examine the role of HY5 in light regulation of stomatal development, we next 127 performed epidermal cell counts on plants grown under our LL and HL conditions. For these 128 analyses, we examined hy5 mutants as well as a hyh and a hy5hyh double mutant, in case 129 of any functional redundancy between these closely related transcription factors. RT-PCR 130 analysis of the hy5 hyh double mutant revealed that it is null for both of these genes, whilst 131 hypocotyl measurements clearly show the redundant role both these genes play in hypocotyl 132 elongation (Figure S1A-C). phyB-9 mutants were also included in these analyses as phyB 133
has been demonstrated to be required for light mediated stomatal development, with 134 reduced stomatal densities and stomatal index when grown at HL (Casson et al. 2009 ). 135
Stomatal index measurements indicate whether a factor influences decisions in the stomatal 136 developmental pathway and under both our LL and HL conditions, none of hy5, hyh and 137 hy5hyh showed any difference to the Col-0 control, whereas phyB mutants had significantly 138 reduced SI (Figure 2A, B ). hy5 mutants also did not have any impact on stomatal density in 139 these conditions ( Figure S2A , B). Analysis of a phyBhy5 double mutant showed a phenotype 140 similar to that of the phyB single mutant (Figure 2A, B) . 141
These analyses were performed on mature leaves so we also examined stomatal 142 development in cotyledons to see if HY5 or HYH might influence stomatal development in 143 these early organs. However, epidermal counts of the hy5hyh mutant revealed no difference 144 to the WT (Figure S2 C). Therefore, phenotypic data from both mature and juvenile leaf 145 material suggests that HY5 (and HYH) are not likely to have a significant role in regulating 146 stomatal development under these conditions. 147
Given the fact that HY5 has the potential to regulate STOM in vitro but does not appear to 148 have a major role based on phenotypic analysis, we used qRT-PCR to investigate whether 7 HY5 regulates changes in the expression of STOM following changes in irradiance. For 150 these analyses, the hy5hyh double mutant was compared to the Col-0 control and both LL-151 HL and HL-LL transfers were examined ( Figure 2C , D). In line with the stomatal counts data, 152 our gene expression analysis revealed that with regards the genes analysed, including 153 STOM, the hy5hyh double mutant responded as the control indicating that these factors are 154 not required for the dynamic light mediated changes in expression of these key stomatal 155 developmental genes. To investigate further, we next examined lines that stably overexpress 156 HY5 (35Spro::HY5). The 35Spro::HY5 lines showed high level expression of HY5 under both 157 LL and HL conditions ( Figure S2E , F). If HY5 regulates STOM expression in planta we 158 therefore would predict changes in STOM expression in these lines, however qRT-PCR 159 analysis did not support this, again indicating that HY5 is unlikely to have a major role 160 regulating STOM expression in planta ( Figure S2E downstream of the photoreceptors and is targeted directly, along with HYH, by COP1 (14-170 17). A genome wide analysis of HY5 binding sites indicated that HY5 has the potential to 171 bind to the STOM promoter (18). As STOM is a positive regulator of stomatal development, 172 this presents an attractive hypothesis that light signals regulate stomatal development via 173 HY5 regulation of STOM. As COP1 activity is mediated by the photoreceptors then it would 174 be expected that STOM expression would be upregulated under higher irradiances and 8 reduced in lower light conditions. Indeed, our dynamic light transfer experiments clearly 176
show that STOM expression is regulated in this manner. Using in vitro methods we can also 177 demonstrate that HY5 has the potential to positively regulate STOM. However, systematic 178 testing of this hypothesis using a range of molecular and genetic tools indicates that HY5, as 179 well as HYH, are not major regulators of stomatal development. If this were the case, then 180 we would expect changes in stomatal development in single or double hy5 and hyh mutants. 181
In conditions where a phyB mutant clearly shows reduced SI, as expected from previous 182 studies, hy5, hyh and hy5hyh mutants have WT-like phenotypes despite clearly showing the 183 expected elongated hypocotyl phenotype previously shown for these mutants. Furthermore, 184
if HY5 was integral for STOM regulation in planta, we would again expect hy5 mutants or 185 overexpressing lines to show defective regulation of STOM in response to light signals but 186 this is not the observation. 187
How then can we account for the ChIP data and lack of HY5 mediated responses in planta in 188 these studies? It is possible that caution should be applied to the ChIP data as this study 189 was performed with a line overexpressing HY5 and hence may not reflect native HY5 190 binding sites. Alternatively, HY5 may indeed bind the STOM promoter but its action is 191 inhibited by other factors; for example MONOPTEROS/ARF5 are known to negatively 192 regulate STOM (33). However, given that phyB mutants are defective and hy5 mutants are Table S1 for primer sequences) and was performed 293 using a CFX Connect Real-Time PCR Detection System (Bio-Rad, Watford, UK) with 40 294 cycles of 95°C-10s, 57°C-10s 72°C-15s and a final dissociation curve. Relative expression 295 of target genes in the different samples was calculated from UBC21 or UBQ10 normalized 296 target signals using the ΔΔCT method (26), statistical analysis performed using GraphPad 297
Prism. 298

Dual luciferase 299
Plasmid construction. 300
HY5proLUC and STOMproLUC in pGREEN-800 Luc (27) were created using standard 301 cloning protocols. In brief, a fragment ~2kbp upstream of the ATG was cloned from Col-0 302 genomic DNA using Q5 polylmerase and specific primers (see Table S1 for all primers 303 sequences). The amplified promotor fragments and pGREEN-800 Luc were both digested 304 with KpnI and NcoI and ligated. For 35SproHY5 in pDH51-YFPc (22), HY5 CDS was 305 amplified from Col-0 cDNA using Q5 and the specific primers HY5BamHI-For and HY5XhoI-306
Rev. Both the HY5 CDS fragment and pDH51-YFPc were digested with BamHI and XhoI 307 prior to ligation. 308
Protoplast Isolation 309
Protoplasts were isolated from mature leaves (7-10 leaves per isolation), of 4-5 week old 310
Col-0 plants grown in an irradiance of 250 μmol m -2 ·s -1 , using the 'Tape-Arabidopsis-311
Sandwich' method (28). Autoclave tape was affixed to the adaxial surface and the excess 312 tape carefully removed. Another strip of autoclave tape was affixed to the abaxial surface 313 and then carefully peeled away, removing the epidermis and exposing the mesophyll layers. protoplasts was removed and centrifuged for three minutes at 100 x g, and then washed 319 twice with 25 mL of W5 buffer (154 mM NaCl, 125 mM CaCl2, 5 mM KCl, 5 mM glucose, and 320 2 mM MES, pH 5.7). Protoplasts were counted using a hemocytometer and following a 321 mannitol) was added to the protoplast/plasmid mixture and allowed to incubate for 10 326 minutes at room temperature. Following the incubation, the protoplasts were wash three 327 times with W5 buffer and centrifuged at 100 x g for one minute in between washes. After the 328 14 final wash the protoplasts were resuspended in one mL of W5 buffer and incubated in the 329 original growth conditions for 16-24 hours. 330
Dual Luciferase Assays 331
Protoplasts that had been transfected with 10 µg of each individual construct or equivalent 332 volume of water for the negative controls were used for the dual luciferase assay. 16-24 333 hours after transfection, protoplasts were pelleted by centrifugation (14,000 x g for 30 334 seconds). Protoplasts were lysed in 1x passive lysis buffer (the Dual-Luciferase® Reporter 335
Assay System, Promega) and incubated at room temperature for 15 minutes. 
